Abstract The objective of this study is to evaluate the prevalence and predicting factors for intra-abdominal adhesions among 1,050 consecutive cases of laparoscopy. This study is designed as a retrospective cohort study. Multivariate linear regression model was constructed to determine factors associated with increased intra-abdominal adhesions including age, number of previous abdominal operations, and endometriosis. Adhesions were graded using a modified (ASRM) classification for adnexal adhesions. Factors affecting the development of intraabdominal adhesions were number of previous abdominal operations (P<0.0001, 95% CI 0.18-0.30) and degree of endometriosis (P<0.0001, 95% CI 0.25-0.35). Endometriosis had more influence on adhesion formation than number of previous operations as demonstrated by the standardized coefficients beta in endometriosis (0.32) versus previous abdominal operations (0.21). Age, BMI, and PID were not associated with increased abdominal adhesions. Endometriosis and abdominal operations play an important role in development of intra-abdominal adhesions. However, endometriosis has more influence on adhesions than previous operations.
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Background
Adhesions are fibrous tissues formed as a response to injury during surgical operations. Intra-abdominal adhesions are the most common complication of abdominal operations [1] . Adhesions might cause pelvic pain, infertility, and small bowel obstruction (SBO). In fact, intra-abdominal adhesions are the most common cause of SBO [2] [3] [4] [5] [6] . These complications may occur shortly or many years after the operations [7] .
Factors contributing to intra-abdominal adhesions include abdominal operations (either laparotomy or laparoscopy), endometriosis, or intra-abdominal infection. Studies of adhesions related readmission showed that 30% of patients would be readmitted at least once after an abdominal surgery [8, 9] . In neonates, the percentage was 8.3% [10] . Although causes of adhesions are well established, the extent and association between these predisposing factors and the formation of adhesions remain unclear.
The purpose of our study was to evaluate predicting factors of intra-abdominal adhesions in a large population of women who underwent a laparoscopy by a single surgeon.
performed by the senior author in two McGill University teaching hospitals, the Royal Victoria Hospital and the Sir Mortimer B. Davis, Jewish General Hospital. The study was approved by the director of professional services.
Data were collected directly from patients' charts by two physicians (FS and AZ) and entered in a Microsoft Excel database. All data were obtained from hospital records and cross-checked with office files.
Variables included patient's demography, number and description of previous abdominal operations, history and classification of endometriosis, presence or absence of pelvic inflammatory disease, main presenting symptom, type of operation, and postoperative diagnosis. The senior author routinely drew a diagram using a modified American Society of Reproductive Medicine (ASRM) classification for adnexal adhesions after each surgical procedure. Adhesions, if any, were graded as 0 (no adhesions), 1 (mild), 2 (moderate), and 3 (severe). Endometriosis was classified using ASRM classification for endometriosis as 0 (no endometriosis), 1 (minimal), 2 (mild), 3 (moderate), and 4 (severe).
Statistical analysis
Normality of data distribution was examined using ShapiroWilk test. We used multiple linear logistic regression analysis to construct a model for predicting the presence of intraabdominal adhesions (dependant variable) from other parameters (independent variables). ANOVA was used to determine the usefulness of our model variables to predict the outcome (P<0.0001, degrees of freedom=278). The differences were considered statistically significant if P was less than 0.05.
Findings
The mean age and the body mass index of the patients were 38.6±9.2 and 24.0±4.9 years, respectively. Among 1,050 women, 559 women (53.2%) had had no previous abdominal operation, 27% had one previous abdominal surgery, and the remainders had two or more abdominal operations (Table 1) . Intra-abdominal adhesions were found in 343 patients (32.6%). These included women who had never undergone any previous abdominal surgery, women who had had previous surgeries and/or endometriosis. Indications for surgery included ovarian cyst removal (27.8%), fibroids (21.7%), and infertility (16.8%, Table 2 ).
In a subgroup of patients (subgroup A) who had at least one previous surgery and no endometriosis (n= 352), adhesions were found in 140 women (40%). In another subgroup of patients (subgroup B) who had history of endometriosis and no previous operations (n=138), adhesions were found in 61 women (44.2%). In a third subgroup of patients (subgroup C) who had never had any operations, or endometriosis (n=413), adhesions were found in 60 women (14.5%, Fig. 1 ). To evaluate the relationship between the intra-abdominal adhesions (dependent variable) and independent variables, we constructed a multiple linear regression model (Table 3) . Both endometriosis and history of previous abdominal operation were significantly associated with the presence of intra-abdominal adhesions (P<0.0001). We then examined the standard coefficient beta to determine the variable with more influence. Endometriosis had a stronger influential role than previous abdominal operation (beta 0.27 and 0.17) respectively.
We also evaluated a subgroup of patients who had had only one previous laparoscopy (n=107) or laparotomy (n= 59) and another subgroup of patients who had had clean surgery (not involving intestine, n=188) or dirty surgery (involving intestine, n=59) ( Table 4) . Patients who had had a laparotomy were more likely to have intra-abdominal adhesions than those who had had a previous laparoscopy (P<0.0001, 95%CI=1.02-1.99). The type of operation (whether clean or dirty) did not affect adhesion formation.
Conclusions
Intra-abdominal adhesions are a major complication of abdominal operations. The presence of adhesions leads to increased operating time [11] [12] [13] , increased risk of abdominal injury in subsequent surgery [14] , and increased health care expenditure to treat subsequent complications [15] .
Our results show that both previous history of endometriosis and previous abdominal operations increase the risk of developing adhesions. In addition, endometriosis plays a more influential role than number of previous abdominal operations. Of interest, history of pelvic inflammatory disease (PID) did not appear to increase intra-abdominal adhesions. However, it is possible that some patients in our population had had subclinical PID which was undiagnosed and not reported in the charts.
We found the prevalence of adhesions in patients who only had previous surgeries to be 40%. In a postmortem study, Weibel and Majno reported a 67% adhesion rate in individuals who had a history of previous operations [16] . Dubuisson et al. in 2010 showed 21.1% adhesions rate in a similar population [17] . Whether the patients in their study had endometriosis is not clear. In our study the influential role of endometriosis was reflected in the highest adhesions rate.
In agreement with previous studies, we found that patients who had a previous laparotomy are more likely to develop adhesions than patients with previous laparoscopies. In a randomised trial, Lundorff et al. studied 105 patients who had ectopic pregnancies and were randomised to surgery by either laparoscopy or laparotomy [18] . They found that the laparotomy group had significantly higher density of adhesions than the laparoscopy group [18] .
Both types of operations (clean or dirty) were not found to increase the density of adhesions. This may suggest that bowel injury during abdominal operations does not increase the risk of adhesions. This information is useful in consulting patients following gynecological operations complicated with bowel injuries. The limitations of our study included lack of information regarding the type of incision in previous operations and of adhesion site in the laparoscopy report.
We conclude that the risk factors of intra-abdominal adhesions are mainly endometriosis and the number of previous abdominal operations. The incidence of adhesions in patients with previous history of endometriosis is the highest. Patients with previous laparotomy are more likely to develop adhesions than laparoscopy. NS not significant
